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Drug class: synthetic thyroid hormone .

Indication: replacement or supplemental therapy for hypothyroidism
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Route of administration: oral

Proposed use: see indication

Disclaimer: Tabular and graphical information is from sponsor’s submission unless stated
otherwise.
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Executive Summary ~ T
Recommendations

A. Recommendation on Approvability-Pharmacology/Toxicology recommends approval

B. Recommendation for Nonclinical Studies-Levothyroxine has been marketed
extensively for years as a tablet and injectable form. The replacement indication for
naturally occurring thyroid hormone indicates little safety concern. Under a Federal
Register notice of August 14, 1997 (Volume 62, Number 157) current products were
considered mislabeled as of August 2001 in the absence of an approved NDA and
removed from the market. The prior lack of stability and batch to batch variability in

- fHese products as a class were the impetus for this legislation. Potential problems

may arise from inappropriate dosing or manufacturing impurities/degradation
products. The sponsor has performed a one month rat toxicity study to evaluate
potential impurities/degradants in an expired drug lot compared to a newly
manufactured lot. Prior experience suggests that proper monitoring can minimize the
associated safety risk.

C. Recommendations on Labeling- the draft labeling represents class labeling and is
adequate

Summary of Nonclinical Findings

A. Brief Overview of Nonclinical Findings: The toxicity profile of levothyroxine has
been well documented in published literature and represents an extension of its
pharmacologic activity.

B. Pharmacologic Activity: Levothyroxine is indicated as replacement therapy for
hypothyroidism it is a synthetic form of thyroxine. Thyroid hormones (thyroxine,
triiodothyronine) maintain metabolic homeostasis by interiction at both nuclear and
non-nuclear receptors. Circulating levels of thyroid hromones are controlled by
feedback inhibition to the hypothalamic-pituitary axis in response to TSH which is
secreted from the anterior pituitary in response to thyrotropin releasing hormone.

C. Nonclinical Safety Issues Relevant to Clinical Use: none provided proper
individualized replacement dosing is performed with adequate monitoring and
appropriate product stability is demosntrated.

-

Administrative

A. Reviewer signature:
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Reviewer: Karen Davis-Bruno NDA No. 21-402

PHARMACOLOGY/TOXICOLOGY REVIEW

I. PHARMACOLOGY:

Primary pharmacodynamics: The thyroid hormones thyroxine (3,5, 3°,5’-
tetraiodothyronine or T4) and triiodothyronine (3, 3°,5’-triiodothyronine or T3) are crucial for
development. They act via stimulation of growth hormone synthesis. In adults thyroid hormones
maintain metabolic homeostasis. Circulating levels of thyroid hormones are controlled by
feedback inhibition to the hypothalamic-pituitary axis in response to TSH;*%hich is secreted from
the anterior pituitary in response to thyrotropin-releasing hormone.

Mechanism of action: Thyroid hormones exert their functions by interaction at both
nuclear and non-nuclear receptors. Triiodothyronine binds to high affinity nuclear receptors at
specific promoter regions of specific genes. Levothyroxine binds to the same nuclear receptors
but at a much lower affinity. T3 is at least 5X more potent than levothyroxine (T4). Receptor
independent interactions include increased calcium uptake, increased opening of sodium
channels and changes in cytoskeletal structure. The complexity of thyroid hormone actions is
evident by the coordination of gene activation actions with that of other hormone systems such as-
glucocorticoids, growth hormone and IGF-1. Thyroid hormones have effects on growth and
development, brain development, calorigenesis, thermogenesis, bone development and
cardiovascular development and function.

Drug activity related to proposed indication: Levothyroxine is indicated for replacement
therapy in hypothyroidism.

Secondary pharmacodynamics: Levothyroxine has the potential to increase bone
formation and resorption. Sprague-Dawley rats, 50 days old were castrated and given IP
levothyroxine at 200 pg/kg for 3 weeks which resulted in decreased BMD in the femur by 10%
without an effect on vertebrae. The effect of hypothyroidism (thyroidectomy) and excess
levothyroxine (60-80 pg/kg/day) on serum calcium concentrations was investigated in Wistar rats
for 35 days. Thyroidectomy resulted in a 30% decrease in serum calcium whereas levothyroxine
treatment of of thyroidectomized rats increased serum calcium by 43%. This is consistent with
the effects of levothyroxine on femur bone mineral density. The effect of prolonged hypo- and
hyperthyroidism have been investigated in the rat. At the end of 20 weeks treatment with 200
pg/kg/day of levothyroxine, femur BMD was decreased ~6% compared to controls. Failure to
observe large effects on BMD was not due to a lack of increase in serum concentrations of T3 or
levothyroxine as these hormones increased by 70% and 75% respectively and serum TSH was
reduced by 53%. Messenger RNA for femur osteocalcin, osteopontin and alkaline phosphatase
and tartrate resistant acid phosphatase were all increased by 2-3 fold. These factors were not
increased in the lumbar vertebra examined.

=

II. SAFETY PHARMACOLOGY:

Cardiovascular effects: Thyroid hormones can effect the expression of genes encoding
isoforms of the heavy chains of myosin. T3 increases the expression of o gene and decreases the
expression of B-gene. T3 up regulates the gene encoding for a myosin calcium ATPase needed
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for myocardial contraction. Both T3 and T4 caused cardiac enlargement in a variety of species.
In rat, cardiac enlargement was due to hypertrophy6. Tachycardxa along with myocardial round
cell infiltration and muscle cell necrosis were observed.

Levothyroxine and triiodothyronine -have been shown to increase connexin 43 protein and
mRNA which correlates with an increase in gap junctions. Based on the cardiac arrhythmia and
excitability that may occur due to excess cardiac gap Junctlons this may be an explanation for the
atrial arthythmogenic activity of thyroid hormones. A N

o= 2

III. PHARMACOKINETICS/TOXICOKINETICS:

Absorption: Levothyroxine is absorbed from the gastrointestinal tract and is highly protein
bound in the blood. Bioavailability was assessed by determining the fecal and urine content of
radioactivity following oral or IP administration of Bl1.levothyroxine to male rats (0.014-0.042
ng). Assuming 100% of radioactivity was absorbed following IP administration ~60%
bioavailability was achieved with oral administration. From 20-50% of injected radioactivity for
levothyroxine and 20-40% triiodothyronine was absorbed from the rat intestine. The greatest

absorption of levothyroxine occurred in the cecum, colon and rectum. The overall absorption of -

triiodothyronine tended to be lower and less segment dependent .

Distribution: Intravenously administered tritodothyronine has greater blood brain barrier
penetrability (1.7% at 6 h postdose) than levothyroxine (0.6% at 6 h post dose). The time to
reach equilibrium was 90 minutes for triiodothyronine compared to 300 minutes for
levothyroxine. Similarly following intrathecal administration; brain triiodothyronine was 2%
versus administered levothyroxine of 5.6% in serum. Transthyretin (thyroid hormone
prealbumin) is a thyroid hormone carrier protein produced in the choroid plexus and liver.
Levothyroxine has a higher affinity for transthyretin than triiodothyronine. Levothyroxine is also
extensively bound to albumin with less than 0.1% of plasma levels existing free.

The largest extrathyroidal pool of levothyroxine and triiodothyronine was the intestine
accounting for 18.1% and 33.1% respectively. The liver and kidney contained 8.72% and 1.01%
of the total extrathyroidal pool of levothyroxine respectively and 8% and 2.3% respectively of the
total extra thyroidal pool of triiodothyronine. Whole blood contained 31 .2% levothyroxine and

3.6% of the triiodothyronine extrathyroidal pool.

The contribution of local conversion of levothyroxine to tmodothyronme in maintaining
local tissue concentrations was significant in the CNS (66% cerebral cortex), liver, thyroid,
lymph node, thymus (19%), prostate, testis (29%), anterior pituitary and brown adipose fat (27%)
of euthyroid rats. The contribution of local conversion of levothyroxine to triiodothyronine in
hypothyroid rats was 75% for the cerebral cortex, 31% thymus, 43% testes, 65% brown adipose
and 15% liver. The concentration of trilodothyronine decreased in all the tissues in hypothyroid
rats but the greatest decrease was in the liver suggesting that the conversion of levothyroxine to
triilodothyronine is important in maintaining tissue levels of the later especidlly in hepatic tissue.

Metabolism: Metabolism by sequential mondeiodination in the periphery accounts for 80% of
circulating triiodothyronine with the remainder secreted from the thyroid gland. The major site
of conversion of thyroxine to triiodothyronine outside of the thyroid is the liver which allows for
a homeostatic balance between the two hormones when levothyroxine is administered to
hypothyroid patients. Most peripheral tissues utilize triiodothyronine derived from circulating
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hormone with the exception of the brain and pituitary where local generation of triiodothyronine
is the major source. B - —

The major route of metabolism for levothyroxine apart from deiodinative degradation is by
glucuronidation, with biliary excretion being the primary route of elimination of both conjugated o
and nonconjugated levothyroxine. 21.3% of levothyroxine is converted to triiodothyronine via
deiodinase activity in the periphery (liver, kidney, thyroid). It has been suggested that in diseases
of the thyroid involving hyperproliferation, hypervascularity and hyperrsecretion such as Graves
disease, the contribution of the deiodinase activity of the thyroid may be significant in the
generation of peripheral triiodothyronine tissue concentrations. Small amounts of deaminated
metabolites; tetraiodothyroacetic acid and triiodothyroacetic acid were found in intestine.
Following triiodothyronine infusion small amounts of tritodothyroacetic acid and
diiodothyroacetic acid were found in the intestine, only a trace amount of residual
trilodothyroacetic acid was found. Both levothyroxine and triiodothyronine can be
glucuronidatéd , however this is not a major metabolic pathway for triiodothyronine.

Excretion: In euthyroid rats approximately equal amounts of 3] was recovered in stool and
urine. Significant fecal excretion following IP administration of radiolabeled levothyroxine was
indicative of biliary excretion of parent or an iodine containing metabolite. The levothyroxine
glucuronide was excreted in bile. Studies suggest that glucuronidation of levothyroxine is
saturable and non-conjugated levothyroxine can be excreted without conjugation.

PK/TK conclusions: Plasma and tissue levels of levothyroxine and triiodothyronine are
controlled by metabolic, excretory and tissue uptake processes.

IV. GENERAL TOXICOLOGY:

A one-month bridging study from the current manufacturing process to expired lots of previously

manufactured levothyroxine was performed. Synthroid has been extensively used in humans.

One Month Oral Safety Study of Levothyroxine Sodium Formulations in Sprague-Dawley

Rats

Key study findings: '

e Findings in levothyroxine treatment groups (160 mcg/kg/day; 944 mcg/M? current or expired
lots) given at 5X the maximum recommended daily human dose (300 mcg, 185 mg/M?)
adjusted for body surface area were similar. In the expired lot 3/10 males had focal
microcalculus in the collecting tubules of the papilla compared to 1/10 in the newer lot. The
expired lot treated group had 2/10 rats with testicular degeneration which accounts for the
epididymal sperm effects seen.

was present at —— in the non-expired lot and —— in-the end of shelf life
material.

Study no: TA01-166
Volume #, and page #: NOOBP, vol 1. Pg. 2
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Conducting laboratory and location: Abbott
Date of study initiation: 11/12/01-3/14/02
GLP compliance: yes s v
QA report: yes(X)no( ) .
Drug, lot # and % purity: Lot 0000265189; expired lot 3000076
Formulation/vehicle: 0.2% hydroxypropyl methylcellulose tablets dissolved in oral suspension
Methods (unique aspects): -
Dosing:

Species/strain: Sprague Dawley rat

#/sex/group or time point (main study): 10

Satellite groups used for toxicokinetics: 5

Age: 6 weeks

Weight: 148-231 g

Dosé8 in administered units: 0, 60, 160 mcg/kg/day

Route, form, volume, and infusion rate: <~ , 10'ml/kg

Observations and times:

Clinical signs: before and after daily dosing detailed observations of physical condition

and behavior were recorded 1-2 h post dose about 3X weekly

Body weights: 2x weekly

Food consumption: weekly

Ophthalmoscopy: pretreatment and at study termination

EKG: not performed

Hematology: via abdominal vein at study termination

Clinical chemistry: via abdominal vein at study termination

Urinalysis: Day 21 male and Day 22 female under fasted (also no water) for 4h

Gross pathology: at necropsy

Organs weighed: at necropsy see histopath list

Histopathology: at necropsy see histopath list

Toxicokinetics: orbital plexus of CO,/O; anesthetized satellite rats at 1, 2, 3, 6, 24h post

dose on Day 28. )
Results:

Mortality: none

Clinical signs: unremarkable

Body weights: unremarkable

Food consumption: Increased food consumption in all drug treated females and males
dosed with 160 mcg/kg/day from non-expired tablets. This is an expected pharmacologic effect
of the drug. However it is interesting that the expired drug treated groups did not show this
effect despite reported potency of 296 mcg/tablet compared to 299.7 mcg/tablet of the
nonexpired lot. Potency was determined at study initiation.

Ophthalmoscopy: unremarkable

. Hematology: Mean reticulocyte count for males given 160 mcg/kg/day (233428, 241429

10E3/ul, expired, non-expired respectively) were statistically higher than the corresponding
controls (172415 10E3/ul). The sponsor considers these within an acceptable normal range
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Clinical chemistry: An expected decrease in TSH levels for both sexes at all drug dose
levels. A corresponding increase in thyroid colloid accumulation was observed in drug treated
rats compared to controls. Both T3 and T4 levels were statistically sxgmﬁcantly increased in all
drug treatment groups as expected

0 60 pg/kg/day | 160 pg/kg/day 160 ug/kg/day
expired lot "

M F M F M F M F
BUN (mg/dl) 154121 | 1612.5 1511.5 13.8*+1. | 14.942.2 | 12.2*+ -13.1+2.1 | 13.5*¢
. : : 5 1.7 1.5
Creatinine - 0.49% 0.5+0.05 | 0.47% 0.46+ 0.4610.0 | 0.42*+ | 0.45+ 0.44*+
Qng/dl) 0.06 0.05 0.05 5 0.04 0.05 0.05
Na (mmoV/1). 146.7+ | 145.1+ | 147.5¢ | 146241 | 148+1.7 | 1458+ | 149.1+x | 147.2%

.Y 1.3 1.8 0.9 1.4 1.1 2.3
APPEARS THIS WAY :
ON ORIGINAL
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Table 14. Hormone Levels - Males

Treatmnt Group Statiatic .
. Berum 73 Serum T4 Serum THH

(ng/ml) {ng/dl),: (ng/ml)
*0: 0 1g LTi/kg dean 0.313 2.703 - 2.069
8D 0.098 1.045 0.745
Min S e
RBax
B 10 10 ’ 10
T1: 60 pg LTA/kg Bean 0.258 8.063 0.614
Exgyired 8D 0.023 1.09% 0.386
Hin
Hax -
| 10 10 10
T2: 16( ug LTi/kyg Nsan 0.706 11.241 0.200
BExgired 8D 0.1S% 2.322 0.070
Min [
Max
) ] 10 10 10
T3: 16{ ng LTi/ky Nean 9.916 11.096 0.265
Nor-axpired sD 9.271 1.052 0.062
Min P
Max
N 10 io 10
Rasnlts of Statistical Analysis:
2 vs. T3 ns ny ng
T es. T1, T2, and 23 0«<2,3 0<1,3,2 3,2,1<0

Notes: (1) Sermm T35 3, 3°, 5'-triliodothyronine; Sermm Ti:
levothyroxine; Serum TSH: thyroid-stimumlating horsone.
(2) Expired refars to Lot 30D03076; Fon-expired yefers
to Lot 00DO265185.
{3) The symbols *“C", =1%, "2", aml *3" have besen used as
abbreviations for treatment groups T0, T}, T2, aand
T3 in the presentation of the Resnlts of Statistical

Analysis.

g4

‘

'Ad09 3191$S0d 153
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Table 15. Hormone Levels - Females

Treatment Groud Statistic
Serum T3 Ssrum T4 .. Serum THEH
{ng/wml) (pg/dl) {ng/ml) -
TO: 0 pg LTA/kG Ksan Q.288 1.016 1.055
8D 0.054 9.051 T 0.452
Nin -
Max
- § 10 10 1o
r1: 6§0+pg LTa/kg ¥aan 0.265 4.165 0.3186
Xicpired 8D 0.048 0.9B5 0.064
Nin :
Max -
b 10 10 10
T2: 160 pyg LYS/xg Hean D.526 5.936 0.22%
Expired 8D 0.141 1.886 0.086%
Nin
MNax B
n lo 10 10
T3: 160 pg LTi/kg Mean 0.482 5.271 0.300
Non-expired BD 0.16% 1.0558 0.276
Min
Max -
] 10 10 10
Results of Statistical Analysis:
2 v, T3 HS BB NS
70 vs. T1, 732, and *3 0<3,2 0<i,3,2 2,3,1<0

Rotes: (1) Sexum T3; 3, 3°*, 5'-trilocdothyronine; Sexum Té:
levothyroxine; Serum PSH: thyroid-stimulating hormone.

(2) Expired rsfers to Lot 3000076; Non-expired refers
to Lot 0000265189.

(3) The sycbols =0=, *1%, 2", and "3” have been used as
abbreviations for treatment groups TO, T1, T2, and

T3 in the presentation of the Results of -Statistical
Anslysis. o

Urinalysis: unremarkable

Organ weights: Increased heart weight in both 160 mcg/kg/day groups attributed to
cardiac hypertrophy in response to thyroxine. Increased liver, spleen and kidney weight in both
160 mcg/kg/day groups without histopathology correlates.

e e e RN I . e e



Reviewer: Karen Davis-Bruno NDA No. 21-402

Weight 0 60 pg/kg/day 160 pug/kg/day 160 pg/kg/day
: expired lot

% Relative to M F M F M- F - M F

Body

Heart 0.39 0.43 0.40 0.42 0.48* ]0.48 0.47* 10.48

Kidney 0.78 0.81 0.82 0.81 0.92* 10.89* ]0.94* |091*

Spleen 0.78 = {048 0.69 0.53 - |1.02 0.66* 11.09* |0.56

Liver 3.2 3.1 3.1 3.0 3.4 3.6%0: |34 3.5*

Gross pathology: unremarkable

Histopathology v 0 60 pg/kg/day - 160 pg/kg/day 160 pg/kg/day
expired lot

M F M F M F M F

Epididymis* 1/10
Aspermia
bilateral

Cellular debris 1/10
bilateral

Sperm 1/10
granuloma focal

Esophagus 110
muscle inflamm
focal

Eye inflamm. 1/10
Post. Chamber,
subacute,
unilateral

Retinopathy 1/10
focal unilateral

Retinal rosettes 1/10
unilateral focal .

Heart 1/10
degen/necrosis
subepic. Focal”

Inflamm chronic 1/10
focal

Mononuclear 1/10
infiltration
auricle focal -

Kidney dilation 1/10
bilateral

Chronic 1/10 2/10 2/10
interstitial
inflamm. Focal

P S e e g g e 2 - e m—
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Inflamm. Pelvis ) 1/10
chronic -

Microcalculus : 3/10 1/10
collecting tubule
papilla focal

Liver necrosis : B - 1/10
multifocal

Vacuolation 3/10 2/10 3/10
multifocal

Lung interstitial 1/10
chronic focal -
inflamm

Lymph node 1/10
mesenteric/thora
cic lymphocytic
hyperplasia

Pancreas 1/10
infiltration
mononuclear
microfocus

Focal atrophy 1/10

Peyer’s 2/10
patch/GALT
focal mineraliz.

Prostate 1/10
neutroph.
Inflamm.
Chronic acitve

Thyroid 5/10 8/10 10/10 10/10 | 10/10 |} 10/10
attenuation,
follicular cell .
diffuse

Colloid increased 5/10 8/10 10/10 10/10 10/10 10/10
diffuse

Ultimobrachial 2/10 6/10 5/10 5/10
cyst

Ectopic thymus 1/10 2/10

Urinary bladder 1/10
inflamm. e
Chronic active

Thymus cysts 1/10

Hemorrhage 1/10 1/10
microfocus

Minimal to mild colloid accumulation in the thyroid present in all drug treated groups. The
accumulation of excessive colloid was attributed to the pharmacologic effect of levothyroxine.
Histopathological correlates to liver, kidney, spleen or heart weights (including hypertrophy)
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were not observed according to the sponsor. There are heart (focal degeneration/necrosis,
chronic inflammation, mononuclear infiltration), kidney (dilation, inflammation, microcalculus),
and liver (necrosis, vacuolation) histopathology which is similar in the 160 mg/kg/day treatment
groups. Focal microcalculus in the collecting tubules of the papilla is present in 3/10 rats given
expired lot compared to 1/10 in the 160 mg/kg/day group. Splenic histopathology correlates were
not observed. The non-expired lot group had some ocular findings (inflamgaation posterior
chamber, retinopathy) that were absent in the expired lot dosed group. The expired lot group had
two rats with epididymal sperm histopathology (aspermia, cell debris, granuloma) which was not
present in the non-expired lot. One rat in the 160 mcg/kg/day expired group had bilateral
testicular degeneration. A second rat in this group had m#aimal multifocal bilateral testicular
degeneration. A control male had unilateral, but complete atrophy of testes.

APPEARS THIS WAY
ON ORIGIXAL

10
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The mean + standard deviation pharmacokinetic values for Ievothyroxine (T4) for the
four SYNTHROID® dose groups are presented in the following table.

mmhymnne (T4) Mam + SD Pharmacokinetic Parameters .

, Dose (ug/kg/day) _ B
Pharmacokinetic 0 60 Expired 160 Expired--»* 160 Non-Expired
Parameter - Male Rats
Tanax (h) 12+04 48216 5413 - 6000
Canax (#g/dL)  287:052 124+12 2737 222119
AUC4 (p-h/dL) 548122 223+ 23.1 3992+442 414.1 433
Female Rats
Tonax &) 1706 4619 28:04 42216
Conax (ug/dL) 1792074  650+1.96 14645 11.9+58
_AUC)4 (ugeh/dL) 242493 11672297 221.7+803 1954 £92.6

The mean + standard deviation pharmacokinetic valucs for triiodothyronine (T3) for the
four dose groups are presented in the following table.

Triiodothyronine (T3) Mean + SD Pharmacokinetic Parameters

Dose (ug/kg/day)

PharmacoXinetic 0 60 Expired 160 Expired 160 Noo-Expired
Parameter A Male Rats
Tinax (h) 1482126 58102 5022 6000
Cpnax (ng/mL) 0.343:0.080 0.383:0.112 1.11:+048 1.28 £0.22
AUC)4 (ng*b/mi.) 408+136 69502218 225+9.6 273243

. Female Rats
Tmax (h) 1.0+00 1.3:05 24:09 4.4x23
Cinax (0g/mL) 0408 £ 0.150 03620091 0.737+0266 0.841 +0.119
AUC»4 (ngeb/ml.) 460+1.17 8.71 141x53 17435

Exposure was lower for females compared to male rats. Levothyroxine and triiodothyronine
exposures were similar after administration of 160 mcg/kg/day of the expired and non-expired
lots for 28 days. .

11
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Lot 0000265189 (non-expired) Lot 3000076 (expired)
. Peak  RatNominal Human Peak = RatNominal Human
Iopurity s peq Dosage DI "~ _Area Dosage TDI

Identity

% poke pgm’ pgm™ MOE' %  pghke® pp/m’ pgim® MOE

a. TDL Total Daily Intake (Human).

Peak area % based on theoretical 300 pg levothyroxine sodium (LT4)/tablet.

Nominal dosage calculated a5 follows: [(peak area % +100) x (300 jg theoretical

potency/tablet» — g actual potency Lot 0000265189/ablet)] x 160 pg LT4/kg dosage (high-dose

group).

d.  Assumes a 150 g rat with a 0.025 m? surface arca (conversion factor 5.9).

¢ Assumes a 300 ug daily LT4 dose administered to a 60 kg human with a 1.6 m? surface area
(conversion factor 37).

f.  MOE: Margin of Exposure frat nominal dosage (pg/m*)+TDI, calculated before rounding].
Nominal dosage calculated as follows: {(average peak area % +100) x (300 pg theoretical
potency/tablet+ — g actual potency/tablet Lot 3000076)] x 160 pg LT4/kg dosage (high-dose
group).

h.  No value reported.

i.  Value reported for only one time point; used available value instead of avérage value.

j. ND: None Detected.

p e

With the exception of , . no impurity and/or degradation product was present
in excess of 1% in either tablet formulation. - was present at — in the
expired tablets. Based on a daily human dose of 300 ytg LT4/day, the total daily intake of
- from the expired tablet would be ——— On a surface area basis, a 60 kg
human would receive ——— Ona dose per surface area basis, the High dose
groups in the present study received approximately five times the maximum buman

12
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Summary of individual study findings: Findings in the levothyroxine treatment groups
(expired lot, non-expired; 160 mg/kg/day) were similar. In the expired lot 3/10 males had focal
microcalculus in the collecting tubules of the papilla compared-to 1/10 in the newer lot. The
expired lot treated group had 2/10 rats with testicular degeneration which accounts for the
epididymal sperm effects seen.

Many of the findings were attributable to the exaggerated pharmacological activity:
increased TSH levels, diffuse follicular cell attenuation, diffuse increased colloid formation,
increased heart weight and hypertrophy, increased kidney weight with histgpathology of
dilation/inflammation/microcalculus formation. Interestingly body weight was unremarkable
although increased food consumption was observed in the non-expired lot group.

was present at — in the non-expired lotand —— in the end of shelf life

material.

Toxicology summary: see Sponsor’s tabular summary of published toxicity data for
levothyroxine and triiodothyronine.

In a 6 week SC toxicity study levothyroxine was admmlstered to male Wistar rats at 0.5
mcg/kg/day for two'weeks and twice weekly thereafter, survival was 83%. Rats had a 14% body
weight deficit, relative heart weight increased 35%, kidney 21% and adrenal weight increased
32%. In a second study levothyroxine was administered in drinking water to male Sprague-
Dawley rats at 850 mcg/kg/day for either 250 or 410 days. Time dependent degenerative changes
including: glomerular capillary basement membrane thickening, hyalinization of tufts, thickening
of tufts, adhesion of tufts to Bowmans capsule, thickening and fraying of Bowmans capsule,
atrophy of convoluted tubules with thickening and wrinkling of the peri-tubular basement
membranes and medial thickening of arteries and interstitial fibrosis were observed. Absolute
and relative kidney, heart and adrenal weight increased. Body weight was reduced by 15% with
an increase in food and water consumption attributed to the expected hyper-caloric state
associated with an increased metabolic rate. Serum BUN was increased 5X in rats treated for
410 days. Hypercholesteremia was also observed.

Chronic administration of levothyroxine to Sprague-Dawley rats via drinking water at 850
ug/kg/day for 410 days resulted in degnerative changes being more advanced in kidneys of
treated rats. These changes consisted of glomerular capillary basement membrane thickening and
fraying of Bowman’s capsule, atrophy of convoluted tubules and thickening and wrinkling of the
peritubular basement membranes and medial thickening of arteries and interstitial fibrosis.
Absolute and relative kidney weight, heart weight and adrenal weights were increased by
levothyroxine treatment with the effect being larger in the older rats at the longest time of
treatment (410 days treatment with sacrificed at day 600) where the absolute kidney weight was
increased by 37%, heart weight 14% and absolute adrenal weight by 39%. Body weight was —
15% in these levothyroxine treated rats. Serum BUN levels were elevated 5 fold in these rats as
was a 51% increase in oxygen consumption/kg/h. Treatment with levothyroxine and
triiodothyronine resulted in the expected thermogenic effect of increased body temperature of 1.5
°C. Liver malondialdehyde concentrations were elevated by 27% indicating a modest increase in
liver peroxidation. Likewise xanthine oxidase and xanthine dehydrogenase were increased by
~15% while liver glutathione concentrations fell by 34%. These data indicate that the
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hyperthyroid state is associated with an increased in oxidative free radical generation that could
contribute to toxicity levels if protective glutathione mechanisms are overcome.

Levothyroxine can simultaneously increased erythroid production (RBC 11%, RBC mass
18%) and decrease thrombocytopoiesis (-43% platelets; -42% platelet mass).

Sodium ipodate is used for cholecystograms and has been successful in treatment of acute
levothyroxine overdose. The mechanism involves inhibition of enzymatic conversion of
levothyroxine to triiodothyronine by shunting the levothyroxine into reverse T3. It would be
most useful given shortly after levothyroxine ingestion prior to a toxic accumulation of the more
biologically active triiodothyrronine. e i

Toxicology conclusions:

Levothyroxine and triiodothyronine are endogenous hormones produced by the thyroid gland. -

They are required for physiological development and maintenance. Their effects are exerted
through gene activation resulting in an increased expression of proteins and through non-genetic
mechanisms. The toxicity of these hormones is a continuation of their pharmacological
activities:

APPEARS THIS WAY
ON ORIGINAL
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Histopathology Inventory for NDA #21-402

Study

-166

TAO1| .

Species

Rat

Adrenals

Aorta

Bone Marrow
smear

Bone (femur)

Brain

. {Cecum

[Cervix

Colon

Duodenum

Epididymis

Esophagus

Eye

Fallopian tube

jGall bladder

Gross lesions

Harderian gland

Heart

Tleum

Injection site

Jejunum

Kidneys

Lachrymal gland

Larynx

Liver

Lungs

Lymph nodes,
cervical

Lymph nodes
thoracic

Lymph nodes,
mesenteric

ammary Gland

asal cavity

|Optic nerves

[Ovaries

Pancreas
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X, histopathology performed
* organ weight obtained

Parathyroid

Peripheral nerve

Pharynx

Pituitary

Prostate

Rectum

Salivary gland

Sciatic nerve

Seminal vesicles

Skeletal muscle

Skin

Spinal cord

Spleen

Sternum

Stomach

Testes

Thymus

Thyroid

Tongue

Trachea

Urinary bladder

Uterus

Vagina

Zymbal gland

Standard List

Peyer’s
fpatch/GALT

V. GENETIC TOXICOLOGY:

Levothyroxine was tested in a mouse micronucleus assay in dw/dw mice which exhibit

features of pan hypopituitarism . Mice received SC, 5 days/week 3-4 or 30-40 pg/kg/day for 1,

4, or 13 weeks. In this strain 3-4 pg/kg/day produces a euthyroid condition while the higher
dose produces hyperthyroidism. The number of observed micronuclei did not change from

control suggesting that levothyroxine was not clastogenic in this assay.

V1. CARCINOGENICITY: N/A

S e ke e e
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II. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY:
Reproductive and developmental toxicology summary: Levothyroxine does not adversely
effect reproductive performance. Female Wistar rats given 100 pg/kg/day for six days prior to
estrous and mated with untreated males had increased corpus lutea (22%), increased implantation
(21%) and litter size (17%). However a fertility-early embryo development study in Sprague-
Dawley female rats given 30, 60, 120, 240, 480, 960 pg/kg/day on the day. of estrous through Day o
20 of lactation resulted in decreased pup and dam survival such that none survived 2240
pg/kg/day. In another study in female Wistar rats given SC 0.25 or 1 mg/kg/day levothyroxine
for 8-10 days prior to mating prolactin was increased 2 and 5 fold compared to 24 fold elevation -
in controls GD20. Serum progesterone decreased by 41%, 53%, 84% in 0.25, 1mg/kg/day and
controls respectively on GD21. Growth hormone levels decreased by —57%, -90% and —61% at
these doses respectively. Estradiol concentrations were unaffected and corticosterone
concentratioiis rose by 48% and 70% in the treated groups by GD 20. Treatment with
levothyroxine produced directional changes in hormone and receptors on GD 20 similar to those
in control rats. These change in circulating hormone and receptor concentration in late gestation
may be partially responsible for the earlier onset of parturition and difficulty in lactation
encountered in pregnant rats treated with high doses of levothyroxine. Effects on receptors are
also observed e.g. mammary gland estradiol receptors decreased by 52% and 48% at 0.25 and 1
mg/kg/day; levothyroxine and progesterone receptors decreased by 45% at both doses and by
57% in the controls, prolactin receptors increased by 40% at both levothyroxine doses on GD21.
Uterus estadiol receptors increased by 470% and 269% whereas progesterone receptors increased
by 275%, 293% and 200% in the 0.25, 1 mg/kg/day and control groups GD 21. In liver estradiol
receptors were decreased by 60% in controls. Growth hormone receptors were decreased by 40%
at 1 mg/kg/day levothyroxine on GD21 and the control. Prolactin receptors were decreased by
27% at the 0.25 mg/kg/day group and 60% at 1 mg/kg/day and control groups respectively.

A high frequency of mental retardation, hearing defects and neurological disorders
(cretinism) occurred in geographic areas with a high frequency of endemic goiter which
implicated the need for thyroid hormone production in normal brain development. Mental
retardation in human hypothyroid neonates is variable and not always related to the extent of
hypothyroidism in the neonate. Breast feeding may modulate the degree of mental deficits in
infants by secretion of thyroid hormones into milk. The human thyrotd is able to synthesize
some iodothyronines by GW 10-12 but it does not appear functional until mid gestation. The
bulk of brain growth occurs post-natal continuing until the third year. In rats behavioral deficits
can be induced by hypothyroidism initiated from gestation day 18 to lactation day 15. This time
period roughly corresponds to the human last trimester through the first 2-3 years of life. The
effects produced are suggestive of neuronal maturation (dendrite formation and arborization
rather than the number of neurons). This suggests that decreases in brain inter-neuronal
conductivity may be an important factor in the mental retardation and neuronal deficits observed
in cretinism. Conversely, excess triiodothyronine exposure (5 mcg/day for-rat for 3 days) to
newborns leads to permanent impairment of learning ability. Studies in a mutant autosomal
recessive mouse (hyt/hyt) born with a hypoplastic thyroid demonstrate that elevated
levothyroxine levels in the stomach of pups weaned by thyroid hormone supplemented dams
results in an age dependent myelination that can be transferred to the neonate via lactation.
Similarly levothyroxine treatment of human hypothyroid newboms during the early neonatal
period was associated with improved intellectual capacity, whereas a poor prognosis when
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treatment was initiated after 4 months. Reports of human cretinism demonstrate mental
retardation, neurologic deficits and adverse effects of growth and development in general with
hypothyroidism.

Thyroid hormones have effects on growth and development, brain development, calorigenesis,
thermogenesis, bone development and cardiovascular development and function.

Levothyroxine given at 1 mg/kg/day for 2-3 days during neonatal life in Sprague-Dawley -
rats resulted in earlier eye opening increased locomotor activity and earlier appearance of cortical
EEG and acoustical startle. When administered 16-18 days of age, levothyroxine appeared to -
facilitate learned shock avoidance compared to controls. However administfation at 35-45 days
postnatal resulted in deficits in maze learning. Passive avoidance in the post weaning period was
impaired in the levothyroxine treated pups as was body weight gain. Maze learning showed an
apparent persistent deficit in levothyroxine treated rats to at least post-natal days 180-195. At
sacrifice at 235 days relative brain weights were 90% of control values.

The mating of levothyroxine neonate treated females with untreated males resulted in a
higher pup ngortality rate of 8% versus 2% for controls. Despite reductions in litter size, the F1
males derived from treated females had body weights at weaning that were 20% lower than
controls. A similar effect was not observed in the F1 females. The F1 offspring at PND5 had a
54% reduction in pituitary TSH content/gland relative to controls.

Some effects of neonatal levothyroxine treatment persisted into the F2 generation.
Pituitary weight and ovary weights were diminished in females and thyroid weight was increased
in both sexes. Vaginal opening was accelerated, as was the appearance of first estrus. Final body
weight of the F2 males whose grandmothers had been treated as neonates was reduced by 10%.
The goiterogenic activity of propylthiouracil appeared to be increased in the F2 generation
derived from levothyroxine treated grandmothers.

Thyroid hormones have effects on cardiac microvasculature (see safety pharmacology).
Triiodothyronine given to neonatal rats starting on PND2 was given SC every other day at 200
pg/kg/day. An additional group received 0.05% propylthiouracil in mothers’ drinking water with
treatment continued to PND 12-28. At PNDS8O0 heart rate and serum triiodothyronine
concentrations for both groups (hypo- and hyperthyroid) were similar to control indicating a
return to an euthyroid state. Both hyper and hypthyroid rats sacrificed at PND12 had 19%
deficits in weight gain and by PND 28 hyperthyroid rats were similar to controls while the
hypothyroid group were markedly weight deficient (33% of control weight). Weight gain deficits
were present in both hyper (-27%) and hypothyroid (-46%) groups by:PND 28, which continued,
to PND80. Left ventricular relative weight was effected by treatment. At PND12 a decreased of
20% was noted in hypothyroid rats. At PND28, left ventricular weight was increased by 34% in
the hyperthyroid rats and decreased by 10% in the hypothyroid rat by PND80, left ventricular
mass was slightly elevated being 10% and 14% above controls for the hyper and hypothyroid
groups respectively. Cardiac capillary density and myocyte density (# capillaries or myocytes per
area) were effected in the hypothyroid rats at PND28 by +20%. Left ventricular arteriolar density
(# arterioles/volume) was decreased by 40% at PND12 and 19% by PND 28 in the hypothyroid
rats. These values returned to normal by PND80. -

Levothyroxine has been detected in the breast milk of cows, rats, rabbits and humans.
Studies in lactating mice revealed physiologically meaningful amounts of thyroid hormones
(desiccated thyroid) can be transferred from thyroid deficient mice to neonates via lactation.
Levothyroxine and triiodothyronine cross the placenta efficiently and local conversion of
levothyroxine to triodothyronine is substantial since the plasma increase of maternal or fetal
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triiodothyronine was the same irrespective of the hormone given to the doe (rabbit). The
physiological relevance of thyroid hormone placental transfer -was established by the finding of
87% decrease in fetal liver glycogen content following levothyroxine administration to the does
and a 38% decrease following triiodothyronine. Fetal liver glycogen decrease was greater when
the does were treated with levothyroxine than with triiodothyronine the resulting increase in fetal
plasma glucose was comparable (2 fold) for both maternal treatment groups. ~

(e 3

VIII. SPECIAL TOXICOLOGY STUDIES: N/A

IX. DETAILED CONCLUSIONS AND RECOMMENDATIONS: )
Conclusions: Levothyroxine is an endogenous hormone produced by the thyroid gland and is

required for physiological development and maintenance. These effects are exerted through gene
activation resulting in an icnreased expression of proteins and through non-genetic mechanisms.

The toxicities associated with levothyroxine are extensions of its pharmacologic activity. A

significant body of clinical experience has been developed with levothyroxine as it has been

marketed for many years.

General Toxicology Issues: none the toxicity of levothyroxine has been well documented in
published literature

Recommendations: approval
Labeling with basis for findings: The draft label is adequate and represents class labeling.
X. APPENDIX/ATTACHMENTS:

Addendum to review: Spohsor’s tabular summary of published toxicity data for
levothyroxine and triiodothyronine

APPEARS THIS WAY .
ON ORIGINAL .
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Table 53.1: Tabular Summary of Published Toxicity Data for Levothyrexine and Triiodothyronine

Species-strain No Jacx/group Rowme Doscs Duration Results
Ref. No. | ]
Neowstal Toxicity
Rat-Sprague 8-10, sex unstated ip Levothyroxine Post-natal days 2, 3.4 Eartier cye opening, locomotion, EEG, & ical
Dawley™ . 1 mg/kg/day - startle response. Decreased body weight gain.
Rat-Holzman'™®  15-17.5ex ip  Levothyroxine Post-natal days §,2.3,5,7.9. 11,13 Earlicr eye opening, locomotion, and sexual materity.
unsisted 27 pgipupiday obscrved unti) age 147 days Decreased body #¥ight gaim to at keast 147 days of
age.
Rat-Holtzwan'®' 617, sexunstaied  sc Levothyroxine Post-natal days 2-5 observed toage  Earticr cye opening, righting reflex, swimming ability,
2pp/gm 235 days grasp refiex. Decreased passive avoidance response
snd maze leaming 10 af léast 185 days of age.
Decreased body weight gain to 235 days of age.
Rat-Sprague 29, sexunsined  snstated  Levothyroxine Post-patal days 1-12 . Earlier onset of acoustical invoked drain stem
Dawicy'™® 0.4 pg/gm cbserved (o age 105 days acuronal response. Increased amplitade and decrease
latency. Differences no Jonger found at 65 dayx of
oy 3
Bome e
N Rat-Spragne - 4-6, sex wnstated » Levothyroxine Post-matal days 2, 3, & 4 & then every  Relative weights of the thyroid aad pituitary
Dawiey™ 30 pgipup 2-3 days for S additional doses d d. TSH of pituitary d d
observed 10 age 42 days
Rat-Sprague sumber enstated, ¢ Levotbyroxiae Post-natal days §-10 to pups & Earlier cye opening, persistent weight gain deficit,
Dawley'® males & female 135-150 pg/pup  mothers observed to age 273 days persistent & in velstive weight of pituitary and
nconates and 135-150 pg/mother wenes, increased mortality and decreased liter size in
mothers offspring of female Jevothyroxine treated aeommies. F),

carlier eye opening, and decreased pituitary content st
5 days of age. In the F, generation from levothyroxine
weated grandmothers pituitary and ovary weight
iocreased ia fernales and thyroid weight increased in
both sexes. Eaclier vaginal opening and earlier first
estrous, decreased body weight gain in males and
increased goitrogenic activity in both sexes in

sponse to propylhi il oocwrred.

Table 5.3.1: Tabular Summary of Published Toxicity Data for Levothyroxine and Triiodothyronine

{Cont.)

Species-stain
Ref. No.( ]

No.jsex/group Route

Doses

Duration

Resoks

Ras-Speague
Dawley'™

4-6, mates
=nd fermales

propylthiouracil 200 pglkg.

mothers via

Propyldiouracil

s¢, TyNeonzies  Trijodothyronine  Triiodothyronine evers
via drinking waer  Neonales

other day, post-astal
days 2-12 or 2-28,
mothers post-naal day

drinking water Separaie group of 2-12 or 2-28 obser. 10 e
wmothers 0.05% in B0 days

the drinking water

Rat-Spragoe
Dawley™®
Rax-Wigtar'”

10, males P

10, males

onl via drinking

Ievothyroxine

200 vghg/day

levothyroxine

3 weeks

35days

60-80 pg/kgiday

In triiodothyronine treated aconale rats increased heart rate,
cartier eye opening and decreased body weight gain. In
propyithiouracil treaied rats offspring decreased heast raie,
jiodothyronine Jevels i d in hyperthyroid and
decreased by hypothyroid treatments.

Weight
gain deficits ig byper- and hypothyrosd neosaic rats
persisied to 80 day sacrifice with larger effect in
hypothyroid group. Left and right relative ventricolar heart
weight decreased is hypothyroid rats at 12 snd 28 days and
incressed in yroid rats st 28 days. Al 80 days lef and
right relative ventriculsr heart weight increased io both
previousty hyper- snd hypothyroid groups. Capillary density
and wyocyte density was decreased at 28 duys in the
hypothyroid group, retumiog to normal at 80 deys of age.
Aneriolar density was decreased in bypotbyroid rats at (2
2nd 28 days snd retorned to normal at 80 days of age.
Asteriolar exiernal diarseter, internal diameter and wall
thickness was unaffected. Artexiolas length was decreased
in 28 day old hypothyroid‘tats snd i d in 28 day old
hypenthyroid mats. LeR ventricular arteriolas density was pot
affecsed. The ber of capillaries/ancriole was inc d
wt 12 and 28 days in the hypothyroid rats, rewming to
normal at 80 days.

Bone mineral density decreased by 10% in fermax. No effect
io hembar vertcbrac 4 and §

Servwn calcium increased by 31% in noomal rats.
Thyroideciorsy decreased seruns calciurm by 30% and
levothyroxine treatment of thyroidectomized rats d
sesum calcium by 43% relative 1o thyroidectomy alone.
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Species-srain  No.Jsex/group Route Doxcs Durstion _ Results :
Ref No.| ] . -~
Ral-Wisir'™® 6, males drinking water  Levoth 12 weeks hopykhmmlm(hypo(hymid)body-dﬂ:“o{
oral via ZOOWd:yof bone vol aoaffected in
Propylthiouracil levodlyronmgrwp(bypuﬁmud).nctwedssﬁm
G.10% bypothyroid rats. Tatal osteoid surface decreased by 93% in -
hypothyroid rats. Minesal apposition rate decreased 49% in
Wypothyroid rats and increased 60% in hyperthyroid rats.
Percent of minenalized bone surface decreased 93% in —
bypothyroid rats and incrggsed 20% in hyperdyyroid rats. -
Rat-Sprague 10, males ip Levothyroxine 20 weeks Serum concentrations of kevolbyroxine and trijodothyronine
Dawkey™ 200 pg/kgiday increased by 75% and 70%, reapectively, seram TSH
mwbyﬁﬁ.kunwmfa
atis, and R
mmmmmwu-umw -
d in the lomber vencbrae. Bone density
was reduced 5.7% in the fermsr. No effect occurred in
Imbar vertcbrae.
Ral-Wistar'™ 6.9, females ip Triiodothyronine 2 weeks Afer 2 weeks of treatment with 100 ng/kg/day dry feraur
30 pgrgiday weight and ash weight decreased by aboul S.6% and bose
e 100 pg/kgrday mineral density was decreascd in the spine and tibia by 3.3%
T Trilodothyronine 4 weeks 30 3.5%. Serom concentrations of pyridinolioe and
' 100 py/kpiday deoxypyridoline, two markers for bone resorption, were
increased maximally from 2.5 to 15 fold at the 50 s 100
pg/kgtday doscs given for 7 days. Larger effects ocourred
o dry bone weight, ash weight and bone nineral deasity io
Seona, tumbar spine and tibia when J00 pg/kgiday was
pmh4-e&munmm2m
Rat-Sprague 19 dxy fetuses  in vitro bone Triiodothyronine 8§ day incobath d calcium loss into mediom a1 1x107°M & higher.
Dawley'" No. & sex culture 1x10°M w0 &bﬂnlmsmuﬂeaedbn:ydmygmninhm«
wnstated 1x10°''™M an Il -} antap D d by 2 inkibitor of DNA
synthesis,
Nefsex/group Route Dases Duration Resolts
Ref.No.{]
Rat-Wistae"™® " male, ip Levothyroxine 3 days Ten day oid rats had cessation of body weight gain. Relative
No. unstated 200 pgikyiday kidoey weight increased by 39%. Plasma concentrations of
beta atanine, aspartic acid, glotamic scid, omithine,
asparagine, Jeucioe, taurine, scrine, almine, and ghntamine
sobular reabsarption. No changes were found in 55-dey-oid
ls,
Ru-Sprague 10-12, taales F Levothyroxioe 7 or 20 iays in non- HgC!  Levothyroxine treatment for 7 days did not affect the renal
Dawiey'” 50 ughgiday  intoxiczed mts of 20 days  concentrations of alkaline phosphatase, acid phosphatase,
in HgOlintoxicsed rats  ATPase of Jeucine aminopeptidase. After 20 days of
treatraent, the remal concentrations of ATPase and acid
phosphatase weye increased. HgCl intoxication decreased
ummdmmnd
phosph lJeucine aminopeptidase, ad increased the
concenteation O renal ATPase. The co-administration of
Jevotbyroxine 10 restose the activity of alkalise
__phosphatase and Jeucine aeinopeptidase.
Species-striin  NoJsex/group Route Doses Duration Resuls
Ref. No. | } -
Rat-Wistar’®  pomber P Triiodothyronine 3 days alonc of in cisplatio  Urise volume/kg was decreased 55% in 55-day-oid cisplatin
unstated, male 200 pg/kg/day intoxicated rats reated rats with or without triiodothyronine treatment.
& fenale Trisodothyronine slone had no effect on this parameter. In

bath 10 & S5 day old rats cisplatin increased winary protein
concentration by about 3 foid. Triiodotiryronine co-
administration lcad to a further 30% to 50% increase.
Tnmhmmmdmﬁdlueﬂ‘ealhupmuu In 10-
day rats, a:plmdmbledeUNmm
Trijodotryronine adminisicred alone 10 10 day old rals or
co-administered with cisplatin had no effect. In 35 day old
rals cisplatin admiviaration resolied a 4 Jold increase in
mnBUNthawinmed!omllblddcvmbyu
co-adminisiration of trijod: hyrorine. Both reduced and

idized senal ghotathi jons were slightly
increased by priiodothysronine i 10 and 55 day old rats. The
serum and rensl levels of platiosm in cisplalin d 10
day-ldmwulssmnuuhmdmssdnyoldm
Co-adorini of trii d the serom
ummmsmmum
dazage in both 10 duy and S35 dsy old rats.
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NoJsex/grovp

- R Results

Rat-Wistar'** 1S, males =

Weeks 3-6 twice weekly

- Wecks | & 2 daily dosing  Levothyroxine tresied rats had 2 14% weight gain deficit

L—-epincphrine produced » greater weight gain deficit but

dosing. Given aloac orin  co-administration of levothyroxine was without effect. di- -

combination with
lepmephiine or
di-metanephrine

metanephrine alone produced & 1.5% increase in weight gain.
Co-dosing oﬂemhymnne caused [ Iﬁjiwuﬂ'n llln
deficit. Both J-cpinephni
Mnhmhmmmmdnsmnhuimby
hmﬁm nkdm-ehd-cy\m‘h
d in the J-epinephi d ats and forther

menednponm-mmofkmhmh&
Metanephrine did not increase eetative Kidney weight but an
increase ocaxTed with the co-aibministration of -~
levothyyoxine. bvuhwmewdmm‘
i in relative adsenal weight. Survival cate was
reduced from 100% in the controls to 30% in the rats co-
adumna«llzvubymmmdms«m

I was & d 9% by Jevothyroxine, increased
29% by kepincphrine and further increased w 71% by the
co-administration of levathyroxine. Similar effects occurred
with dl ncpbrine. Levothyroxine given in combination
with |-epinephrine increased seram total lipids by 37% and
decreased serum glucose by 28%. Lipid accusmulation in
sortic walls of the di-metanephrine rats was decreased by
the sministration of levotyraxine. O ) deposs
'was present in 80% of the &i-metancphrine rars but ia none
of the raty adminisiered levothyrosine alone or in
combination with dj-motanephrine.

Route Doses

Species-strain  No.Jsex/group
Ref. Na.{ )

Duratico

v

Results

5-12, maies ocal via drinkiag
water

Levotbyroxine

Rat-Spragee
tind 850 pg/kg/day

Dawiey

RI-Sprrgne nale, sumber - ip
Dawley

250 or 410 days

3days

The kidoeys of rats treated fos 250 days did not difter
grossty from controls. Treatment for 410 days resoited in
gross kidacy changes of yellow color, enlarged granular
nurface, honcycombed parenchyma with cystically dilased
ans. Microscopicaily, levothyroxine mediated kidney

isted of g las capiliary basement
mm»;bﬂmdmnummd
wis, adhesion of tufis lo Bowman's capsule, thickening and
fraying of Bowman's capaule, stropby of oluting
wbules with thickening and wrinkling of the peritubolar
basement membranes, and medial thickening of arteries and
interstitial fibrosis. These changes were more advasced in
e Jonger term irestment group. Absoluie aad relative
Yidney, beart, and adrenal weight were ali increased by
Jevothyroxine treatment with lasger effects occurving in the
meymhmdmm Food consumption and
water conssmpfion were increased by levothyrozine. Afier
225 days of Jevothyroaine trestment OXygen consumptionkg
was increased by $1%. Serom BUN concentrations were
mcreased § fold after 410 days of treatment with
Tevothyroxine.
Body temperature yose 1.5°C. Lipid peroxidation as
measured by liver malondialdehyde concentrations
iocressed 27%. The activity of both xanthine oxidase and
xanthine debydrogenase increased by 15% and liver total
ghutathione decreased by 34%.
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Specics-strain
Ref. No. | }

No.jsex/growp Rouie

Doses Dontion

- . Resuks

Mice C3H'Z 410 3ex sc

unstated

Reproductiss aad Developmental Texidty
Ra-Wisgtar'™ 18, pregamt paremscral

Ral-Spugue 6, pregnant [
Dawiey™ Semales

Levothyroxine . 2,4.6,8, or M days
and d-isomer of

levothyrorioe

25-200

Hg/moust/day

Levothysoxine  six days prior 1o pro-
30 pgrat/day estrous aod wating
xine  starting day of estrous
30,60, 120,240, throngh Day 20 of
480, 960 i

Bekpdar

Doses of 25 to 200 jig/mouse/day of either levothyroxine or
"',1' pr A, 2 4 in‘ ) y P Py A
platess dose response effect was achieved at the 25
sg/mouseidsy dose when given for 2 days. Al the 25
Rg/mouseiday dose of levothyroxine, hrombocysapoiesis
was decreased by 30% afier 2 days of treatment aod 0%
alfter § days of treatmient with no further decreases ocourring
after B or 14 days of (redffiient. Piatziet counts on svernge
were decreased by 15%, 30%, and 42.5% afier 4,6, and 8
days of wrestment with 25 ug/mousc/day of levothyroxine.
Megakaryocyte numbers and size decressed after 4 days of
treatment with 25 ng/mouse/day of levotbyroxine.
Treatment with 25 pug/fmoose/day of levoihyroxine produced
time depeadent i in reticulocyte couat, RBC and
percent hesatocrit.

Twenty two peroent increase in corpus tes, 21% increase
in implantations, and 2 17% increase in Eter size.

No dams treated with 240 ug/kg/day or higher srvived
Iactation and fewer dams at aRl lower doses murvived
Jactntioa.

Species-straie Nosex/group Route
Ref. No. | )

Durstion

Results ]

Rai-Wistar'™  8-12, pregnant ™

females

Mouse- Ajax™  14-16, pregnant i

females

Levothyroxine
0250r}

stasting 8-10 days prior to
wating through Day 20 of
gesiation. Controls
sacrificed pesiatioo Day
20. An untreated group
allowed to Jiser on Days 2t

Levothyroxine  gestation days 10.5 and
100 pg/mouse 1s

Serum prolactin increxsed 2-3 Sald at the Jow and bigh
doses, respectively compared to gestation Day 20 controls.
Serum progesterone decreased 41%, S3% | sud 84%,
respectively ip the Jow, high and gestation Day 21 groups
compared gestation Day 20 controls. Sesum growth
hormone fell by 57%, 90%, and 61 %, respectively for the
fow, kigh and gestation Day 21 growp compared to the
gestation Day 20 15, Sectum corts . N
by 43% and 70% in the Jow and high dose compared to the
gesistion Day 20 controls. Compared to the gestation

Day 20 cootrols estradiol mamimary receptors decreased st
the Jow and high dose by 52% and 48%, progesteronc
roceptors Jecreased at the Jow and high dose by 45% and by
57% i the gestation Day 2] antrested group. Prolactin
reocplors increased by 40% st be Jow, bigh wd gestation
Day 21 untreaied groups. In the nteyus estradiol receptors
ncreased at the Jow and high levothyroxine doses by 470%
snd 269%, respectively. Progesterone seceplors increased
by Z75%, 293%, and 200%, respectively, in the low, high,
and gestation Duy 2t entreated group. Io the liver compared
10 the gestation Day 20 coatrols growth horowne receplors
£11 40% ia the high dose and gestation Duy 21 wntrested
groups.  Prolactin recepiors decressed at the Jow dose by
27% and by 60% in the kigh and gestation Day 21 untreated
groups. Liver mRNA concentrations for protactia snd
growth hormone decreased corselaied with the decreases in
secepiors for these hormones.
Levothyroxine treatment had no cffect on spontaneons
jockdence of cleft lip/cleft palate in the presence of absence
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Reviewer: Karen Davis-Bruno NDA No. 21-402
Speciesstain - NoJsex/group Roue Doses Duration Results
Ref. No.{ }
Mouse-CVFR & 4-13 OVFR ¢ Levothyroxise  gestation days 9 and 10 Tbemhddcmddeﬂlipnndlmby
AHes'® Fegnans 33-150 pg/mouse levothyroxine irestment in either strin. In CVFR siraia fetal
females ' death selectively occurring in clef lipped fetuses of damns
4-17 AHe) treated wikh levothyroxine.
female : o
pregnact
females -
Mouse- T-16, pregnant [ levothyroxine pestationday 7, 8,9, 10 o¢ hevonumnimidenuo(dcﬂﬁpmnuilmsedby o
AWySa™ females W0pgmouse 12 levothyroxine treatinbaeti fetal mortality among the delt -
Yipped fetuses was increased. The ora) administration of
ol Levothyroxise scstacion day 9, 10, or 1 levotkryroxine did not increase fetal morality.
300 pg/mouse . R
Mosse- 8-31, preguant oral Triiodothyroninel pestation days 10-13 None of the Jevothyroxine or triiodothyronine treatments T
CSTBL/60'™™  females 20, 240, or 430 given alone or in combination with each other incressed the
Kg’/kg/day alone incidence of cleft palate. All doses of triiodotbyronine or
orin combination levothyroxine given in bination with TCDD increased
with TCDD Ihemdmofddlpd&.
R Levothyroxine
. 625, 1250 or
- 2500 pg/kgidey
alone o7 in
TCDO
Tritodothyronine
10000 pg/xg/day
s combination
with
2500 pgfeg/day
of Jevothyroxine
Specics-strain  NoJsex/group Route Doscs Durstion Results i
Ref No.{ )
Mouse-dwaf  2-8 males and [ Levothyroxine 0.1 S daysiveek: Jow dose No increase in the amount of micronuclel ja bone marrow
dwigw'™® fesales ol 13-16 vecks, high dose  smear erytiwocytes.
pg/mouse/day 4 or 13wecks
Miscellaneons
Rat-liver WB- ool culmres I Vitro i i fa Vitre incobations for 1 Increase in gap junctions with both coscentrations of
F344 ceits™! for 100 nmolar  or 2das wniiodothyronine and the 100 nm concentrasion of
Levothyroxine levothyroxine.
§ or 100 nmojar

BEST POSSIBLE Copy
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Reviewer: Karen Davis-Bruno

NDA No. 21-402

Species-strain
Ref. No. | }

No /se/group

- - Results

Rat-Wistar'?

Gemeral Toxdcity

Dog-Strain

Dog-Beaghe'®

40, femnles

1, male

ip Trisodothyronine .
100 pg/kg/day

onl Levothyroxine
10 mpg
Levathyroxi
2.4 gdog

oral Levothyroxine
0.5 mg/m’

50, 80 or 200 days

8 weeks

Body weight, scrum calciuy and phosphorous were not

affecied. Serum alkaline phosphatase elevated 12 fold ot 18

days snd 20 fold peak eievation at 35 duys. Boae mineral .-
demsity of calvasia, tombar vertebrae, or fenmr unchanged &
50 or 80 days of trestment. Bone mincral deasity of
calvarial bones decreased 22% afiey 200 days of treatment.
Right Jeft skull distsince shotened by 4%, 10% and 15%
after SO, 80, and 200°dsJ¥of treatment, respectively.
Histological differences observed at skull sagittal soture.
The distance between bones sutured decreased by about
19% after 50 or 80 days. The distance fror the iamer o the
mid fibrecsscogs jenctioo increaved 24 foid after 80 days of o
tresment.

Onc bundred & thisty three fold incyresse in serum
levothyroxine concentiations at 3-9 hours postingestion witl
normalizatios st Day 25. Theee & coe half fold incresse in
scrum triodothyroaine concentrations at 3 days
postingestion. [acrease in serum alanine transaminase (ALTY
ocexeved on Day 6 and was approxioately 7 fodd normal
valee. The dog survived.

On the dxy of ingestion; pulse rate 230 deats/minute,
respiration rate, 120 bresths/minute, body

41.3°C. The dog appeased blind. Died 12 hours after the
ingrstion. Thyroid congesied and calarged, kidueys
conrgested, liver pale and stomech inflamed.

Serum levothyroxine levels rose oaly by about 40% aker 4,
6, or 8 weeks of and serum trisodothyroni
concentrations were There were 8o effects oa
o . and echocards

e -

BEST POSSIBLE G0 -

A
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